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Abstract 
Our objective for this project was to create a small scale heat treatment/annealing process which 
can be used in garage scale and small machine shop applications. By creating a small scale 
solution, heat treatment costs can be recaptured from outsourcing, thereby trimming operating 
costs. The execution of this goal consisted of acquiring a used ceramics kiln and modifying it for 
use as a heat treatment furnace by adding a PID controller and thermocouple. The kiln would then 
be tested using a variety of stainless steels commonly used in the orthopedics industry with 
hardness readings taken before and after processing. The materials for consideration in this project 
are 17-4 Stainless Steel, 455 Stainless Steel and 465 Stainless Steel. 
Areas of Influence 
Knowledge areas from the MET curriculum which were applied to this project include: 
• Wiring Schematics 
• PID Controls (programming) 
• Temperature Sensor Construction/Calibration 
• Annealing Processes 
• Specification Comprehension 
• Data Analysis 
• Process Capability 
• Engineering Economy 
• Test Protocol Design 
Knowledge Gain 
The primary takeaway from this project is that economical solutions can be found by creating 
innovative solutions and repurposing common industrial items to suit the needs of the application. 
By creating a solution to the problem, a greater understanding can be acquired about the process 
and the variables involved, creating the potential for a more customized and efficient result. 
The team is satisfied with the completion of this project and the outcome of the results. The level of 
teamwork involved in the project was well distributed with excellent contribution from all parties. 
Acknowledgements 
The group would like to thank the following local area companies for their donations on this 
project, without them it would not have been possible. 
Pyromation Inc.: 
Micropulse Inc.: 
Temperature control hardware and sensors 
Test specimens 
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Introduction 
Problem of Heat Treat and Annealing 
Heat treatment and annealing are important processes in machine shop and small scale machining 
operations. Dedicated heat treatment businesses often employ large costly furnaces for the pwposes 
of economizing large quantities of hardened and annealed parts. These large furnaces often require 
vast amounts of square footage, energy and can cost as much as $130,000 in capital expense. Thus 
making these applications too expensive to justify for small scale applications and thereby forcing 
the use of outsourcing to fulfill this need. 
Solution 
Create a small scale heat treating operation that can be easily understood and operated to satisfy the 
needs of a small machine shop by converting a small ceramics kiln to a heat treating furnace using 
a thermocouple and temperature controller. 
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Initial Design Specifications 
• Kiln must be capable of obtaining internal temperature of 950°F 
• Thermocouple/PID must be capable of reading temperature +/- 10°F 
• Kiln must be capable of maintaining temperature at target+/- 10°F 
• Kiln overall size and weight must be small enough to be moved by two or less people 
• Kiln must operate on 11 OV or 220V mains power 
• Total cost of kiln must not exceed $1000 
• Kiln must be capable of holding a batch of 30 test samples 
Explanations 
Initial research indicated that a small kiln should be capable of reaching the temperatures we would 
need in order to conform to A564 for our chosen test sample alloys. Given that we did not know 
what exactly the construction of the kiln would be, we did not know how the cooling rate and 
insulating capability of the kiln would affect temperature acceleration during the cycle. Therefore 
we established +/- 10°F as a baseline specification for the kiln and controls. Since this project was 
done to establish a heat treating process for a small scale application, it was decided that the 
furnace itself must be maneuverable in a small shop where large industrial moving equipment may 
not be available and wiring options limited. We also established $1000 as a reasonable capital cost 
limit for this project in the application of a small machine shop. At this level, cost recovery would 
not take forever. We also established a batch size of 30 test samples of diameters ranging from%" 
to %" x 1" long as being a reasonable capacity for a small scale heat treatment operation. 
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Design 
The project consisted of a used Norman Kiln originally wired for 220V operation. The kiln had 
within it an electromagnetically operated relay which operated the switching of the internal heating 
coils to regulate the temperature. The first step in the redesign of this kiln was to trace the original 
wiring to understand the layout of the controller and wiring of the heating coils inside the kiln. 
Next, a thermocouple was designed and built according to the thermocouple drawing below to 
operate in the temperature range dictated by A564 for our test samples. 
[See attachments for CAD drawings] 
Fabrication 
After noting locations of all contacts and components, the original components were stripped from 
the kiln chassis and replaced with a PID and thermocouple. The original electromagnetic relay was 
used in the final design after a solid state relay was used and subsequently failed due to a wiring 
misinterpretation. The original relay turned out to be quite robust and reliable and did not 
demonstrate itself to be sensitive to voltage fluctuations or configuration variations. After wiring 
the system, a successful test was performed demonstrating the kilns ability to reach temperature. 
After successful testing of the kiln was performed, the wiring for the system was organized in the 
control box and safety shrouds replaced over the bare heating coil wires. 
Figu.res show the thermocouple extending inside the heat box. 
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After 
In-process 
Figu,re 2 shows the process of the kiln wiring. 
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Figure 3 shows the secondary temperature probe used to double check readings from the PID. 
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Figu,re 4 shows the PID used to control the temperature of the kiln. 
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Results 
When setting up for operation, the small scale heat treat furnace is wired into a fuse panel at 220V. 
This allows the furnace to work with maximum efficiency and heats up quickly. The base of the 
kiln should also be elevated slightly on blocks or another fire retardant material in order to 
minimize conduction losses to concrete floors. Before installation into the kiln, the PID was 
calibrated using the apparatus in Figure 15 which utilizes a controlled environment to establish a 
known temperature for the unit. After the unit is placed and wired the PID is then plugged in and 
the desired temperature is programmed into the PID. The lid is closed and the kiln is left to come 
up to temperature. A test run utilizing the desired temperature is recommended to allow the PID to 
learn what switching protocol to use for this temperature setting. After the unit has learned the 
heating routine for this temperature, heat treat parts may be placed into the unit and used at this 
temperature setting. Upon completion of the heating cycle, the PID is unplugged and the 
cooling/quenching procedure followed for the applicable heat treatment/annealing specification. 
Secondary Temperature Sensor 
Digital/Programmable Temperature Control 
Primary Temperature Sensor 
Figure 5 shows the finished kiln with all components installed and functioning. 
[Video shown in presentation of kiln reaching temperature.] 
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Testing 
The test specimens were used to discover the shrinkage rates and the hardness values. Three 
different types of material was used to create the test specimens. The materials used were 17-4, 
455, and 465 Stainless Steel. These three types of stainless steel are very common in the medical 
instrument manufacturing industry. Two of the group members work in this field which allowed 
for realistic and valuable information and experience. 
The test specimens were acquired in three different sizes for each type of material; 03/8, 
0112, and 05/8 precision ground bar stock. All the specimens were cut on a metal cutting ban saw 
to a 1.0" +.200/-.000 tolerance. The reason for cutting the specimens above one inch was to be 
able to easily calculate the "per inch" shrinkage rate while using a single 1-2" micrometer. If the 
specimens had varied above and below 1 inch different micrometers would have been needed. 
This could have potentially introduced gage error between the two pieces of measuring equipment. 
Once the specimens were cut to length they were ground flat on both ends and deburred with a 
pedestal grinder. 
The test specimens were labeled as they were cut so different parts of the bar could be 
used. This would allow for bar ends as well as the middle of the bar to be tested; hopefully 
capturing all the potential variance within the bar. There was a considerable difference in the 
pre-hardness measurements which constituted for different parts of the bar; see pre-hardness values 
under testing. Once all specimens were cut and deburred each specimen was measured on both 
diameter and length. All measurements were recorded with the highest resolution of the 
micrometers which was .0001 of an inch. See Figures 01through03 below for pre diameter and 
length values. 
Testing was conducted by Ryan Sims using the aforementioned kiln on 3/3/12 at his 
residence where the kiln was set up. As seen in Figure 12, the heating cycle was very short to 
bring the temperature of the kiln up to 900°F for the heat cycle. After the heat treatment cycle the 
lid was opened for air cooling. The kiln quickly dropped to 400°F within 3 minutes and took an 
additional 30 minutes to reach room temperature. 
17-4 SS (630) Pretreatment values 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Diameter 
00.375 0 .500 
0.3750 0.5000 
0.3750 0.5000 
0.3750 0.5000 
0.3750 0.5000 
0.3750 0.5002 
0.3750 0.5000 
0.3750 0.5000 
0.3750 0.5000 
0.3750 0.5000 
0.3750 0 .5002 
0 .625 
0.6247 
0.6247 
0.6247 
0.6247 
0.6247 
0.6247 
0.6247 
0.6247 
0.6247 
0.6247 
Figure OJ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Length 
00.375 0.500 
1.0766 1.0975 
1.1136 1.1421 
1.0975 1.1326 
1.1140 1.0713 
1.1109 1.1010 
1.0495 1.0982 
1.0991 1.0756 
1.1388 1.0760 
1.1305 1.1053 
1.06 73 1.05 72 
0.625 
1.1108 
1.0847 
1.1113 
1.0103 
1.1260 
1.0903 
1.0840 
1.0464 
1.0723 
1.1264 
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455 Pretreatment values 
i . ..... ........ . ..... Di~r'l~t~r .. . ... .. ... .... . . J .............. , .. ~~gtb 
i 00.375 1 0.500 0.625 I : 00.375 0.500 0.625 
. t _ -- --__ll~-~-:~---9_:~_o2 -·r~ o~~25 !_ __ l===r ---iT.1._5_3_0-+1--1-.1- 2 __ 1_0--+-·- i-: i-~-. ~-~-----. 
. -~ . - - _j __ ~~I~-~-- ; ___ Q_:._5002 __ ; __ QJ>2 5 !_ ___ +_) 1.0865 I 1.07 __ 9_0_,_ ___ __, 
3 . 0.3752 ..J 0.5000 . 0.6251 I 3 1.0973 h l_.1 __ 0 ____ 7 __ 0-+--_ l._09 ___ 9 __ 2---. 
~-~ -~--·-·-·a~s·2- 1. o.5000 0.6251 ~ 4 i.1329 1 i.1089 i.0350 
5 . 0.3752 : 0.5000 0.6251 5 1.1505 1.1078 1.1220 
6 ; o.31s2 9.~909 c>..f?~$ 1 ~. ~.~?~ iJ.tos r~1002 i 
1 i 0.3152 o.5002 0.6250 1 1 : i.0314 1~1so2 r.o!i9s 
1r --~1 0.3152 o.5000+- 0.62521- -8 -1 1.1100 .1354 i.0814 
--9 - 0.3752 0.5000 0.6250 9 1.0870 1.0845 1.0917 
_ _!Q___j 0.3752 0.5000 0.6251 10 1.0348 1.1269 1.1426 
Figure 02 
Len th 
Heat Treatment Process 
The heat treatment process chosen to perform on this project was provided by ASTM A564. 
[2] Listed below is the process taken to anneal the specimens. 
17-4 SS A564 H900 
• 900°F ± 10° for 60 mins ± 5 mins 
• Place specimens in finnace with temperature sensor at same height. 
• Turn on power. 
• Set temperature to 900°F. 
• Once temperature is at 900°F set timer for one hour. 
• Take secondary temperature measurement every 15 mins to verify 
temperature. 
• After one hour turn off power and allow parts to air cool 
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455 SS A564 H900 
• 900°F ± 10° for 4 hrs ± 5 mins 
465 SS A564 H950 
• P1ace specirrens in finnace with temperature sensor at same height. 
• Tlll11 on power. 
• Set temperature to 900°F. 
• Once temperature is at 900°F set tirrer for four hours. 
• Take secondary temperature measurement every 15 mins to verify 
temperature. 
• After four hours tlll11 off power and allow parts to air cool 
• 950°F ±10° for 4 hrs± 5 mins 
• P1ace specirrens in finnace with temperature sensor at same height. 
• Tlll11 on power. 
• Set temperature to 950°F. 
• Once temperature is at 950°F set tirrer for four hours. 
• Take secondary temperature measurement every 15 mins to verify 
temperature. 
• After four hours tlll11 off power and allow parts to air cool 
Testing Data and Analysis 
Once all the testing was complete, measurements were taken again on each individual specirren for 
diameter and length change. Figures 04 through 06 show the measurements after treatment and Figures 
07 through 09 show the change due to treatment. A process capability study was also conducted on all 
the specimens to determine ifthe process is capable (Graphs 01through03). As the graphs show all 
three materials have a CP greater than 1.3. This tells us that our process is capable. Ahhough we did 
have a Cpk ofless than 1.33 which tells us that we are not centered about the nominal which could lead 
to out of specification product in the future if an adjustment isn't made. 
Figure 10 shows hardness data from test specirrens. All measurements meet ASTM A564 
standard and were measured using a Wilson Rockwell Hardness tester by Ethan Leatherman on 
3/12/12 at IPFW. Values in red are post treatment values, which are considerably different than the 
original condition measurements. Upper specification limit and Lower specification limit listed are listed 
on the right side. 
The data acquired from these hardness tests are listed in the tables below. Throughout the 
testing process the hardness values seemed to be re1atively consistent as different sections of the bar 
were tested. As data was compiled. a capability study was done and noted the post hardness values 
obtained were slightly lower than was expected. Upon closer examination of the hardness tester, it was 
noted that the machine was due for calibration As shown in Figure 13, this machine was Jast calibrated 
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on 6/19/06. On average the Wilson Rockwell Tester gave a reading that was 3.4 Rockwell C below the 
certified test block. This could be caused by improper oil viscosity or improper oil amcnmt. Also since 
the calibration service is out of date, over time the oil may have obtained some troisture, which could 
also fluctuate the hardness results. It should also be noted that the Rockwell tester was consistent 
overall and hardness values were ofiSet according to this calibration using a certified Rockwell C scale 
test block shown below in Figure 14. 
The microstructure of the samples tested should have arrived at a coarse pearlite grain structure 
due to the open air, in-kiln cooling process that followed the heat treatment cycle. Though we were 
unable to obtain microscopy pictures of the internal grain structure, our research indicates that this 
would be the resuh of our testing as shown in Figure 11, Jamellar coarse pearlite grain. [ 1] 
In the 17-4 and 455 samples it appears that the smaller shrinkage values in the larger diameter 
samples could be the resuh ofless heat penetration in the Jarger sizes. In the 465 samples we believe 
that the trore uniform shrinkage across sizes is the resuh of the alloy composition of the alloy. The 
composition of the 465 appears to have an affect on the thermal conductivity and specific heat of the 
material which affects heat penetration differently than the other samples and therefore shrinkage. 
s 
17-4 Post treatment values 
Diameter 
00.375 --,- 0.500 0.625 
i o.37"48 o.4998 o.6i46 
-2 - -+ -<f374a 0:4-999 · ·a .6246 · 
- - 3 -~ {f3748 ~ 0.4998- ([ 624-6 . 
·4 o-.3748 o.4998 o.6246 
- 5 -· -0.3748 - 0.5000 - 0.6246 
6 o.3748 o.4998 o.6246 
t o-~3748 o.4-998 -- o.6246 
a o.3148 · o.4998 · o.6246 
-9 - · o.3-148 -· o.4998 c>:6246 
10 -o.374-a -()~50·00 o .6246 
Figure 04 
1 
2 
3 
4 
5 
6 
7 
8 
9 
lb 
-- ~f)_gt_b 
00.375 0.500 
L0764 1.0972 
-LiT27 - -LI4I4 
i.0968 - -1.1319 
i.1128 i.0704 
. l.ilOi ' r :1004 
i.0484 i.0.976 
i.0986 1.0750 
i.1381 1.0754 
l.i3os ~ 1:1046- · 
i.0672 1.05-68 
455 Post treatment values 
-1 
2 
3 
"4 
5 
6 
7 
8 
9 
Diameter 
00.3ts--·-0.soo 
o374a o.4998 
1 o.3148 o.499a 
0:3148 0.49-96 
0~3148 o.4996 
· ·a.3748 0~4996 
o.3148 ·a.Mi96 
0:-3148 6.4998 
--0 ~314s ·a.4996 
HY - - Ci:3748 o.4996 0:3148 ·o.4996 
0.625 
0.6247 
0.6-247 
0.6247 
a·.6247 
0:6247 
0:6247 
0 ~6246 ([6248 
o.6246 
o.6-247 
1 
2 
3 
4 
5 
6 
7 
8 
9 
f o 
-~~9Ml .. 
00.375 0.500 
i.i5i6 LY198 
i.6851 1.0781 
f.0963 1.1050 
i.i3i9 I.io8I 
i.1495 Llb69 
i.12i:2 l.i698 
i.0363 1.1493 
i.1095 Li345 
i.0871 1.0835 
i.033-9 ; 1.1261 
0 .625 
1.1101 
I.0844 
l.i1os 
Lo698 
1:1254 
Lo894 
1.0833 
i.0455 
-r.0111 ' 
1.1260 . 
0.625 
1.1481. 
i.1973 
1.0983 
i.0352 
-1.1267 
-t.o-990 
1.-0985 
l.0866 
l ~o9iI 
1.1417 
1 
2 
3 
-4 
5 
6 
·;;r 
8 
9 io 
Diameter 
Figure 05 
465 Post treatment values 
0.625 
a·.6·245 
0.6245 
. 0.6245 
, .. 0 .6245 
"([ 6245 
• -o~6-i4s 
,_ ([6245 -· 
0.6245 
o.6245 
0 ~6245 
Figure 06 
1 
2 
3 
4 
5 
6 
-., 
8 
9 
ro 
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_ _hengtb 
00.375 0.500 0.625 
·t.0542 l.li57 1 ~0744 
Lill.I . i.d44i LI3i6 
1.0714 ; i.0741 t.4209 
. 1 .0235 . T .0414 1.09~_?_ ~ 
: 1J)546 - iJl438 1.0489 
i. JJ.] as ~ I!49~ ___ -1~qy_1 . 
1.0908 . 1.0620 1.1122 
r 1.0266 ' 1:0015 i.1407 
H~a · mu 1 H~?r · 
0.11% 0.08% 0.03% 4 0.108% 0.084% 0.050% j · 0.11 % 0.08%- - o .o3% s o.045% -0.055% · o.053% 
o.ii% 0.08% -c>.o3% 6 · o.r os% - o.oss·% o.oa3% 
! 0.11% ([08_%_ - o.o3% 1 . o . 046·%· o]l'56·%-· 0.065% . . . ·0.11% 0~08%- •· ()])"3% 8 :· ([062-% ~-- C!~56~-~- -([ 086% ! 0.11% , OJ)8% ~ 0.03% 9 0.000% 0.063% 0.056% 
, c[iI% -~ 0.08% - o .o3% lo -o-.c>o9% · o.o3s% - 0 . 036% 
0.11% 0.08% 0.03% 0.054% 0.056% 0.059% 
__ As Area lnf reases ~f!rinkage d~_r~ases As volume in_crea~es shrinka_qe,..increases 
i 
·2 
3 
Figure 07 
0.21 % 0.16% 0.13% 4 0.09% 0.07% 0.08% 
6:21% 0.16% 0.13% 5 ([09% 0.08%- 0.12% 
0:21% · o ~I6% <>:i3% 6 ·a.Io% · 0.06% tf I1 % 
o~2i% ·- -o.16% o.t3% 1 o.Ii% o.oe% o.o9% 
0.21% · o.16% o.i3% 8 - o.o5% 0.08% 0.01% 
0:21 % 0.16% o.13% 9 -~cn % o.o9% o.a·s% 
o.2i% o.16% o.i3% io 0:09%- o.o7% a.as% 
0.21 % 0.16% 0.13% 0.084% 0.091 % 0.093% 
_As.}~_ea m;re~ses 5-hfinkage d_~e-~~~ As ¥lu_m_~ _il}cr~a~~. shrinka.g_~ in~re~_~es .. 
Figure 08 
1 
2 
3 
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465 Change in values 
% Area hrink~e 
00.375 - ·- 0.500 0.625 
%_ Ar-~a ~~,.at_h -~tl_r!n~~ e __ _ 
··o.13% 0.16% 0.16% 
o~l9% o-:16% o.16% 
oJ>6% o:i6% 0.16% 
0.06% 0.16% 0.16% 
o.13% o.16% 0.16% 
0.13% ([16% 0.10% 
0.13% 6.I6% 0.16% 
0~06% 0.-16.% 0.16% 
0-:-13% (fi6% . oJ.6% 
0.06% 0~ 16% 0.16% 
0.109% 0.160% 0.147% 
-~ ~~ inq~ses ~hrjnk~e ing:~~ses 
Figure 09 
4 
5 
6 
7 
8 
·9 
f o 
00.375 0.500 0.625 
0.12% o.13% a.rs-% 
0.09% 0.12% ·a.oa«~ 
<fo6% a.fa% oJ>·a·% 
0.12% 0.09% 0.09% 
g:~:~ .. uri 1 r~ 
0.11 %. • 9-~11 ~- J 0:1~~ 
0.09% 0.14% 0.05% 
··a~o-a% · ·0.12%- 0.12% 
0.10% · ·o.n.% o.is% 
0.100% 0.111 % 0.100% 
~ '(~lurfle in~r~~es ~-h!i~-k~g~~~r~~s~~ 
·Pre and Post Treatment Hardnesses 
Before 
i7 ... 4 SS ' After 
455 SS ·: Before i Affer 
:- 465 ss Befi>re 
After 
- · 00.-315· · ·0.-socr- ·~625 ___ -
2Ct3 26.2 --23.3 
-40.5 42 .2 4·2-.9 
11.6 f6.7 f6-.5 
48.4 47:7 47.l 
f 8~7 24.8 20.8-
4-7·:2 4 7 ~6 4l. 4 
Figure JO 
Figure 11 
LSL = 40 
- ---- ····--1 
USL= 48 i 
.IS[ = 47 . , 
·-usL: = -53 I 
• ---···- ·---1 LSL = 47 
. DsL = 53 ~ 
17-455 A564 H900 Temp(°F) vs Time(Min) 
1000 T 
Temp•p 
' 300 ' 
200 _1 _____ --
100 --- ---·-·-·--··-· -·· - --···-···-- -
o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93 96 99 
nme (Mins) 
Figure 12 
Figure 13 
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LSL 
Target 
USL 
Process Data 
40.00J)) 
* 
48.00J)) 
Sample Mea1 41.83333 
Sample N 30 
StD ev ~thn) o. 79482 
StDev (0 verall) 1.23050 
Observ eel Performance 
PPM < LSL 0.00 
PPM > USL 0.00 
PPM Total 0.00 
Process Capability of 17-4 SS H900 
LSL USL 
" 
39.0 40.5 42.0 43.5 45.0 46.5 48.0 
Exp. Within Performance Exp. O v era II Perfonnance 
PPM < L.SL 10538.14 PPM < L.SL 68140.66 
PPM > USL 0.00 PPM > USL 0.27 
PPM Total 10538.14 PPM Total 68140.93 
Graph OJ 
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1--Wi1hin 
- - overall 
Potential ~ithin) Capabilly 
Cp 1.68 
CPL 0.77 
CPU 2.59 
c~ 0.77 
CC pk 1.68 
Ov eraR Capability 
Pp 1.08 
PPL 0.50 
PPU 1.67 
p~ 0.50 
Cpm * 
LSL 
P rOCEss Data 
47.00000 
* Target 
USL 53.00000 
Sampe Mean 47. 78333 
Sampe N 30 
Stoev(Y\'lthn) 0.39741 
Stoev (O v era II) 0.64454 
Observed Paformanc:e 
PPM < LSL 0.00 
PPM > U SL 0.00 
PPM Total 0.00 
Proa!Ss Capability of 455 SS H900 
LS.. USL 
47 48 49 50 51 52 53 
E)q'.). VYlthn Performarr:e E>q:>. Overall Performarr:e 
PPM < LSL 24355. 78 PPM < LSL 112119.17 
PPM > USL 0.00 PPM > USL 0.00 
PPM Total 24355. 78 PPM Total 112119.17 
Graph 02 
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Potmtial ('l\tthn) C apal:iity 
Cp 252 
CPL 0.66 
CPU 4.38 
Cpk 0.66 
((pk 252 
Overall C apabiity 
Pp 
PPL 
PPU 
Ppk 
Cpm 
155 
0.41 
2.70 
0.41 
* 
LSL 
Procass Data 
47.0JCDO 
Targ:it 
USL 
Sample Mean 
Sample N 
S tD ev (VYlthin) 
StDev (Over all) 
* 53.a:mo 
47.~7 
30 
0.35155 
0.373J4 
O t:rerv ed Perfcrman:e 
PPM < LSL 0.00 
PPM > USL 0.00 
PPM Total 0.00 
Process Capability of 465 SS H950 
LSL USL 
I ~ ~ ~ ~'-
I I I I . I I I 
46.8 47.7 48.6 49.5 50.4 51.3 52.2 53.1 
Exp. Wtlin Performan:e 
PPM < LSL 148476.16 
PPM > USL 0.00 
PPM Total 148476.16 
Exp. OvB'all Perfcrman:e 
PPM < LSL 162B25.51 
PPM > USL 0.00 
PPM Total 162B25.51 
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1-Within 
- - Ov8""all 
Potential ('At tli n) c apabi U ty 
Cp 2.84 
CPL 0.35 
CPU 5.34 
Cpk 0.35 
CCi:;k 2.84 
Overall Capal:ility 
Pp 2.EB 
PPL 0.33 
PPU 5.03 
Ppk 0.33 
Cpm * 
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Cost 
Below is the itemized cost of the project. Digital controls, temperature sensors and test 
specimens were donated as mentioned previously. 
Item Cost Value 
Kiln $25 $25 
Digital Controls $0 $570 
Temperature Sensors $0 $80 
Welding Gloves $10 $10 
Test Specimens $0 $90 
Total $35 $775 
Conclusion 
Design 
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The design of the kiln meets the requirements we set out in the beginning of the project of being 
small enough to be moved by two people but large enough to hold a batch of30 test samples. The 
cost/value of our design also did not exceed our $1000 price point. The design of our wiring circuit 
also performed as expected utilizing the thermocouple and PID. 
Fabrication 
There were two setbacks during the fabrication process. The relay purchased to incorporate into 
the new design was not rated for this application and ended up failing catastrophically due to 
overheating. As mentioned earlier, the original kiln relay was used in place of the failed solid state 
component. We also broke two heating elements in the process of wiring them into the heater coil 
patch panel. These elements had become embrittled with the heat cycling of the kiln and easily 
broke in bending. These connections were fixed using mechanical connections in place of the 
original twisted wire configuration. Ultimately, the fabrication was successful and yielded a 
working heat treatment furnace capable of our completing the testing we had devised. 
Tesang 
Testing was completed on 117 samples, dimensional and hardness data was collected before and 
after heat treatment. Testing revealed that the kiln was capable of obtaining and reading internal 
temperatures of 950°F and maintaining them at a target of+/- 1°F. This performance made possible 
by the PID, exceeded our original specification by a factor of ten. 
Possible Future Improvement 
The current design could be improved upon by adding a notification system in the form of a light 
and/or buzzer to notify the user that the time limit has been reached for the current batch. An 
expansion of this idea could incorporate an automatic timer which shuts off power to the PID 
thereby turning off the heating coils. Additionally, a linear actuator could be installed on the lid to 
allow the capability of an automated in-kiln air cooling option like that employed in our testing, 
only on in automated capacity. This actuator could be triggered by the shutoff of the PID and could 
be enable the option of air cooling in the kiln or leaving the lid closed for a slower cool down 
process. A blower could also be integrated into the kiln to circulate air inside the heat box and 
further ensure totally uniform temperatures inside the work area. 
Attachments 
Below, you will find a list of the attachments for this project. 
Kiln Probe Drawing 
Kiln Wiring Schematic 
Handheld Probe Drawing 
Kiln Drawing 
Updated Gantt Chart for Project 
Test Specimen Drawing 
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Excel Spreadsheets of Raw Hardness and Shrinkage Data for 17-4 SS, 455 SS and 465 SS 
Material Certifications 
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